Aims. We study the dust content of a large optical input sample of 910 early-type galaxies (ETG) in the Virgo cluster, also extending to the dwarf ETG, and examine the results in relation to those on the other cold ISM components. Methods. We have searched for far-infrared emission in all galaxies in the input sample using the 250 µm image of the Herschel Virgo Cluster Survey (HeViCS). This image covers a large fraction of the cluster with an area of ∼55 square degrees. For the detected ETG we measured fluxes in five bands from 100 to 500 µm, and estimated the dust mass and temperature with modified black-body fits. Results. Dust is detected above the completeness limit of 25.4 mJy at 250 µm in 46 ETG, 43 of which are in the optically complete part of the input sample. In addition, dust is present at fainter levels in another 6 ETG. We detect dust in the 4 ETG with synchrotron emission, including M 87. Dust appears to be much more concentrated than stars and more luminous ETG have higher dust temperatures. Considering only the optically complete input sample and correcting for the contamination by background galaxies, dust detection rates down to the 25.4 mJy limit are 17% for ellipticals, about 40% for lenticulars (S0 + S0a) and around 3% for dwarf ETG. Dust mass does not correlate clearly with stellar mass and is often much greater than expected for a passive galaxy in a closed-box model. The dust-to-stars mass ratio anticorrelates with galaxy luminosity, and for some dwarf ETG reaches values as high as for dusty late-type galaxies. In the Virgo cluster slow rotators appear more likely to contain dust than fast ones. Comparing the dust results with those on Hi there are only 8 ETG detected both in dust and in Hi in the HeViCS area; 39 have dust but only an upper limit on Hi, and 8 have Hi but only an upper limit on dust. The locations of these galaxies in the cluster are different, with the dusty ETG concentrated in the densest regions, while the Hi rich ETG are at the periphery.
Introduction
Dust is a very important component of galaxies, since it is closely connected with their evolution (Draine 2003) . Dust is thought to be the product of the last stages of the evolution of low-and intermediate-mass stars, of supernovae (SN), and possibly also of active galactic nuclei (AGN). After dust is formed, how much of it survives in the InterStellar Medium (ISM) depends on specific local conditions, and dust can also grow directly in the ISM. The presence of dust has a profound effect on galaxy colours by absorbing blue/UV radiation and re-emitting it in the InfraRed (IR), therefore influencing the amount of escap-⋆ Herschel is an ESA space observatory with science instruments provided by European-led Principal Investigator consortia and with important participation from NASA.
ing ionising radiation. Together with cold gas, dust is associated with regions of star formation (SF), so that dust emission is often used as a tracer for SF. Finally, since dust can be destroyed by the energetic ions in hot haloes and can serve as a catalyzer for the formation of molecules, its presence (or absence) can provide important clues to the relationships between the different phases of the ISM.
Early-type galaxies (ETG) are spheroidal and bulgedominated galaxies, including ellipticals (E), lenticulars (S0 and S0a), and dwarf spheroidals (dE and dS0). They contain most of the visible mass in the Universe, and are a uniform class of galaxies with a relatively simple morphology and smooth kinematics. They were thought to be devoid of ISM, but in the last decades were found instead to contain a multiform ISM. Its richest component in massive ETG is hot gas, visible in X-rays, but cooler phases are also present, down to the coldest ones, i.e. molecular gas and dust (Roberts et al. 1991) . In particular the systematic study of the dust content in ETG can provide important clues to the survival of the cold ISM phases in the harsh environment produced by the hot gas (and in some cases by the central AGN), to the presence of residual SF, and to the exchanges of ISM between an ETG and the surrounding InterGalactic Medium (IGM) or other galaxies, throughout its evolution.
The presence of dust in ETG can also change their appearance in subtle ways (Witt et al. 1992) . For example, colour gradients resulting from dust reddening can mimic those due to metallicity gradients. In addition, Baes & Dejonghe (2001 , 2002 have suggested that dust scattering can affect the observed kinematics of elliptical galaxies, even mimicking the signature of a dark matter halo. Therefore, it is crucial to have an extinctionindependent way to evaluate the amount of dust in ETG, also in order to properly understand their other properties.
The presence of dust in ETG was first inferred from the absorption of stellar light (Bertola & Galletta 1978; Ebneter & Balick 1985; Goudfrooij et al. 1994) . Dust lanes are easy to find on the very smooth light profiles of elliptical galaxies. However, dust absorption does not say much about the quantitative dust content of ETG. Far-infrared (FIR) emission from dust in ETG was later observed with the InfraRed Astronomical Satellite (IRAS) in about 45% of ellipticals and 68% of S0 galaxies (Knapp et al. 1989 ). More recently Temi et al. (2004) detected FIR dust emission with the Infrared Space Observatory (ISO) from about 55% of a sample of 53 bright ETG, with dust masses ranging from 10 5 to more than 10 7 solar masses. Using the Spitzer Space Telescope, Temi et al. (2007) found evidence for extended diffuse dust in a similar sample of ETG. Others have used ground-based telescopes to measure the dust emission on a few bright ETG (Leeuw et al. 2004; Savoy et al. 2009 ). However these observations are limited to relatively small samples of very bright ETG and lack the sensitivity, the resolution, and/or the long wavelength coverage necessary to study dust in large samples of ETG including dwarf galaxies.
The Herschel Virgo Cluster Survey (HeViCS, Davies et al. 2010 Davies et al. , 2012 , a confusion-limited imaging survey of a large fraction of the Virgo cluster in five bands -100 and 160 µm with PACS (Poglitsch et al. 2010 ) and 250, 350 and 500 µm with SPIRE (Griffin et al. 2010 ) -offers the unique opportunity of carrying out a complete analysis of the dust content of ETG in a nearby cluster. Auld et al. (2012) have searched the HeViCS images for FIR counterparts of Virgo cluster galaxies of all morphological types with photographic magnitude m pg ≤ 18.0. The present study instead is limited to ETG, but has no limit on the optical magnitude. Our work is also complementary to the one by Smith et al. (2012) on the ETG of the Herschel Reference Survey (HRS, Boselli et al. 2010b ). This research has searched dust in 62 bright ETG, i.e. a volume-limited sample (15M pc < d < 25M pc) including the Virgo cluster, with K ≤ 8.7, a bright limit, corresponding to a stellar mass of about 10 10 M ⊙ . Although it is limited to massive galaxies, the HRS sample has the advantage of also including field galaxies. On the other hand, with HeViCS we can also study galaxies which are 1000 times less massive than the HRS limit, but we are limited to the Virgo cluster environment.
In Sect. 2 we discuss the selection of the optical input sample, while in Sect. 3 we describe the methods and the results for the detection and photometry of the dusty ETG. Important quantities are derived from the observed parameters in Sect. 4. Discussions and conclusions are presented in Sects. 5 and 6.
Sample selection
The sample of ETG to be searched for dust within HeViCS was selected at optical wavelengths using the GOLDMine compilation (Gavazzi et al. 2003) , which is mostly based on the Virgo Cluster Catalogue (VCC, Binggeli et al. 1993 Binggeli et al. , 1985 , including all morphological types from -3 to 2 (i.e. galaxies earlier than S0a-S0/Sa) and excluding galaxies with radial velocity larger than 3000 km/s, since these are background galaxies; we have retained galaxies without a measured radial velocity. With these selection criteria, 925 ETG are within the 4 HeViCS fields. These galaxies constitute our input sample. This includes a large fraction (73.7%) of all the known Virgo ETG (GOLDMine has 1255 Virgo galaxies with types from -3 to 2 and radial velocity not larger than 3000 km/s), thereby confirming that the HeViCS fields cover most of the Virgo cluster.
We start from an accurate central position for every ETG in the input catalogue, which we obtained mostly from NED 1 . However for 287 ETG of our input sample, NED has positions accurate to 25 arcsec, both in R.A. and in Dec., which are based only on the original work of Binggeli et al. (1985) . This accuracy is insufficient for a reliable search of a possible counterpart in the HeViCS mosaic image at 250 µm, which has a pixel size of 6 arcsec, a point-spread function (PSF) with full width at half maximum (FWHM) of 18 arcsec, and a very high density of objects. We have therefore measured new accurate positions for these 287 objects, using the Gunn r-band image of the Sloan Digital Sky Survey (SDSS). We succeeded in measuring 272 (all except 15) with m pg > 19.0 (see Appendix A). Therefore, we could reliably look for a FIR counterpart for 910 ETG of our input sample of 925. Out of the 910 ETG of the input sample, 447 ETG are brighter than the VCC completeness limit (m pg ≤ 18.0) and form the optically complete part of our input sample.
Methods and results

Detection and photometry
We searched for a FIR conterpart of the 910 ETG of the input sample in the HeViCS 8-scan mosaic image at 250 µm. We did a blind search for sources in the 250 µm mosaic, using both the DAOPhot and SussExtractor implementations in HIPE (Ott 2010) , which produce equivalent results. We then searched the resulting catalogue of sources for those corresponding to the optical positions of the 910 ETG with accurate coordinates in our input catalogue within one pixel (6 arcsec) and with a signal-tonoise ratio greater than 5 (S /N > 5). The resulting candidate counterparts were then examined in detail to establish the reliability of the galaxy detection in the 250 µm image and of its identification with the ETG in the input sample. For the last step we overlayed the 250 µm image with an optical image of the galaxy. This procedure gave a list of 52 reliable FIR counterparts, all at S /N > 6. For all of them the separation between the optical centre of the galaxy and that of its FIR counterpart is ≤ 5 arcsec. For these ETG we measured the flux using the aperture photometry package in the Image Reduction and Analysis Facility (IRAF, Tody 1993) with an aperture of 30 arcsec radius, large enough to include most of the PSF also at 500 µm, by centering the aperture on the detected counterpart, and by subtracting the sky background evaluated in a concentric annulus with an inner radius of 48 arcsec and an outer radius of 78 arcsec. Table 1 lists the 46 ETG with a 250-µm flux above our completeness limit of 25.4 mJy. This limit is determined via Monte Carlo simulations to be the flux at which the success rate in recovering artificial point-like sources drops below 95%. Out of these 46 ETG, 43 belong to the optically complete input sample (i.e. they have m pg ≤ 18.0), and they represent our complete FIR counterparts out of the complete input optical sample of ETG. The other 6 ETG with an evident counterpart in the 250 µm image have a 250-µm flux slightly smaller than 25.4 mJy, and are listed separately in Table 2 . All of them are detected in at least one other HeViCS band. We remark that the choice of measuring fluxes using an aperture of 30 arcsec in all bands in order to have a consistent SED implies that at 250 µm this photometric aperture is larger than required for pure detections. Therefore, although all of our 46 counterparts that are brighter than the completeness limit are reliably detected at S /N > 6, for some of them the photometric flux measurement is at a lower S/N (see the discussion on photometric errors below).
During the visual examination step we noticed that a few of the detected ETG also had 250 µm emission outside the 30 arcsec aperture. For these ETG we did the photometry using a larger aperture (see Tables 1 and 2 ) which includes all the visible FIR flux. For these larger apertures the sky annulus was correspondingly larger. The same apertures and sky annuli were also used for the photometry in the other HeViCS bands for all the 52 ETG detected at 250 µm. For the SPIRE bands (250, 350, and 500 µm) we did the photometry on the mosaic images, which include the 4 HeViCS fields, since these handle well objects which fall in the region of overlap between two fields. Figure 1 shows all the 52 ETG detected at 250 µm.
For the PACS bands (at 100 and 160 µm) we used the images produced for the most recent HeViCS data release (Auld et al. 2013) , which represents for our purposes a substantial improvement over previous releases. A low-pass filter is used for the removal of background noise and instrumental drift. Bright sources have to be masked out before applying the filter to avoid producing a flux reduction around these. The most recent release masks out all catalogued Virgo galaxies, as well as all the bright sources present in the data. This process prevents the problem of flux reduction for all the sources in our input catalogue. Since mosaic images are not available for PACS, we performed the photometry on the individual images for each of the four HeViCS fields. Although the PACS photometry on the Notes. GOLDMine type: -3=dS0 -2=dE/dS0 -1=dE(d:E) 0=E-E/S0 1=S0 2=S0a-S0/Sa flagged in case it was not detected in that band, in which case a flux upper limit appears in Tables 1 and 2 .
In the case of VCC 881 (M 86, NGC 4406) we used two circular photometric apertures: one with a radius of 42 arcsec, containing the central dust emission, centred slightly to the southwest of the nucleus (VCC 881C), and one with a radius of 51 arcsec, containing the emission from the filament at about 2 arcmin to the south of the nucleus (VCC 881SE), based on the information on the dust content collected during the HRS Science Demonstration phase (Gomez et al. 2010 ).
The methods followed for the photometric error analysis are dictated by the scope of our work, which is aperture photometry of generally faint and compact sources, detected by the use of well-known source-extraction algorithms and checked by visual inspection. We take into account the stochastic pixel-topixel fluctuations in randomly selected sky regions free of bright sources and their effect on our relatively small apertures. These Notes. GOLDMine type: -3=dS0 -2=dE/dS0 -1=dE(d:E) 0=E-E/S0 1=S0 2=S0a-S0/Sa take into account the background error, instrumental noise, and confusion noise. In SPIRE on reasonably clean sky areas we measure 1-σ pixel-to-pixel fluctuations of 4.9, 4.9, and 5.7 mJy/beam at 250, 350, and 500 µm, respectively (beam areas are 423, 751, and 1587 arcsec 2 , and pixel sizes are 6, 8, and 12 arcsec). In PACS we measure pixel-to-pixel 1-σ fluctuations of 0.6 and 0.5 mJy/pix at 100 and 160 µm, respectively (pixel sizes are 2 and 3 arcsec). Therefore, in our standard 30 arcsec aperture we adopt a 1-σ error of 12.7, 9.5, 7.6, 16.0, and 8.9 mJy at 250, 350, 500, 100, and 160 µm, respectively. For larger apertures we assume that the noise increases as the square root of the number of pixels. Calibration errors (7% for SPIRE and 15% for PACS) are added in quadrature to obtain the total photometric error. Tables 1 and 2 list the fluxes measured in all five bands and the radius of the circular aperture used consistently in all bands. For the undetected sources an upper limit is given, which is generally equal to twice the photometric error. In noisy regions we give correspondingly higher upper limits.
Contamination by background sources
Since the SPIRE 250 µm image that we used to search for the FIR counterparts has a high density of background sources, we have estimated the fraction of our counterparts that are probably background galaxies. We do so in flux bins which are spaced logarithmically by 0.2 (a factor of 1.585). The number of probable background galaxies among our counterparts in the i-th flux bin is:
where n BGi is the density of background sources that we have estimated from SussExtractor counts in the HeViCS 250 µm mosaic image, N opt is the total number of optically selected galaxies in our input sample, i.e. 910, and r max is the maximum angular separation between the optical centre of each dust-detected galaxy and the centre of the FIR counterpart, i.e. 5 arcsec (see Sect. 3.1). Table 3 lists the relevant parameters for the background galaxy contamination including the number of detected ETG for each flux bin (N det ). Since we estimated the density of background sources n BGi from the HeViCS mosaic, its value at higher flux bins contains an increasing fraction of Virgo galaxies. However, this problem does not substantially affect our estimate of the contamination due to background sources since the contamination is relevant only for the lowest flux bins that contain a negligible fraction of Virgo galaxies. The result is that about 8 background galaxies are probably contaminating the 46 detections listed in Table 1 ; 7 of these are in the two lowest flux bins, which contain 11 dwarf galaxies and 4 lenticulars detected at 250 µm. Therefore in our Virgo ETG sample between 4 and 8 dwarf galaxies, out of a total of 16, and 7.90 46 between 0 and 4 lenticulars, out of a total of 24, are likely spurious FIR detections. Assuming that the contamination rate is roughly independent of m pg , the expected number of contaminants in the optically complete sample is about half of the total (447/910). This statistical contamination, however, does not affect the main results of our work. In the context of possible spurious identifications with background sources, VCC 815 deserves a special mention, since we do detect a FIR source near the position of VCC 815; however, we think that this source is not associated with the VCC galaxy, but with a redder background galaxy. Binggeli et al. (1985) had already noticed this background galaxy to the west of VCC 815, and attributed a redshift of v Hel = 16442 km/s to it, refering to a private communication by Huchra. Indeed, the position of the background galaxy, clearly visible on the SDSS images, coincides exactly with that of the HeViCS 250 µm detection, while VCC 815 is at about 5 arcsec to the east. Auld et al. (2013) have used HeViCS data to study the dust content of the complete part of the VCC, i.e. of those galaxies with m pg ≤ 18.0, including all morphological types. Of the common complete sample we have detected all of the 42 sources detected by Auld et al. (two are in VCC 881, i.e. M 86) . In addition, we have also detected 6 ETG of the Auld et al. (2013) sample, which they did not detect: VCC 218, 482, 705, 1226 VCC 218, 482, 705, , 1420 VCC 218, 482, 705, , and 1684 . Our photometry agrees with that of Auld et al., particularly if one considers that different photometric methods were followed. For the 42 sources detected in both papers the fluxes are consistent within the given errors, while for the sources detected only by us, the measured fluxes are compatible with the upper limits given by Auld et al., except for VCC 705, for which Auld et al. used the coordinates from Binggeli et al. (1985) , which we have found to be inaccurate (see Appendix A). Finally we have detected an additional 5 ETG fainter than m pg = 18.0, which were not in the Auld et al. input sample. Smith et al. (2012) have looked at the 62 ETG of the Herschel Reference Survey (Boselli et al. 2010b ). The HRS collaboration has obtained Herschel observations of a volume-limited sample (distance between 15 and 25 Mpc) of 323 bright local galaxies (K ≤ 8.7), including the Virgo cluster. For the galaxies of this cluster the HRS project shares the SPIRE data with HeViCS. Our input sample has 25 ETG in common with the input sample of Smith et al. We detect dust in all of the 9 ETG (2 E and 7 S0) for which Smith et al. detect Smith et al. (2012) . The fluxes measured in the SPIRE bands for the common sources are generally consistent within the given errors, although they were measured with different photometric methods. Analysing the reasons for the small differences between Smith et al. (2012) and this work, we remark that their methods were optimised for bright galaxies and are explained in detail by Ciesla et al. (2012) . They adopt a different photometric method for the point-like sources and for the extended ones. For the first they fit a Gaussian function on the timeline data, while for the latter they do aperture photometry on the reconstructed images, using larger apertures than we did. Although Gaussian fitting of timeline data is likely to give the best S/N ratio for true point sources, we have adopted the same size aperture in all bands and for all objects, because adopting two systematically different methods may compromise photometric uniformity. Moreover, since our sources are galaxies, they may have flux outside the PSF.
Comparison with other work
Derived quantities
In this section we estimate additional important physical quantities and describe how they are derived. These depend on the assumed distance: for each galaxy we have used the distance given in GOLDMine (17, 23, or 32 Mpc), which distinguishes various components of the Virgo cluster (Gavazzi et al. 1999 ).
Dust mass and temperature
Dust masses and temperatures were estimated by fitting a modifed black-body to the measured HeViCS fluxes for each galaxy. In the case of M86 (VCC 881), separate estimates were performed for the two regions which we measured separately (see Sect. 3). We used the same procedure as described in Magrini et al. (2011) (see also Davies et al. 2012; Smith et al. 2010 ). We assumed a spectral index β = 2 and an emissivity κ[cm 2 /g] = 0.192 * (350µm/λ) 2 , as derived from the Galactic dust emission (Draine 2003) ; we took into account the filter response function to derive the colour correction. Given the compactness of our sources, for SPIRE we assumed the filter response function for point sources; more details and a table of colour corrections are given in Davies et al. (2012) .
We also applied aperture correction factors according to Griffin (private communication, see also Auld et al. 2013 ). For our smallest aperture (30 arcsec radius) these are 1.02, 1.05, 1.13, 1.15, and 1.27 at 100, 160, 250, 350, and 500 µm, respectively. Figure 2 shows the modified back-body fits and Table 4 lists the estimated dust masses and temperatures. For the 14 galaxies for which flux measurements could be made in only 3 bands or fewer, or for which the temperature is not accurately estimated, we have fixed the dust temperature at the average value obtained for the galaxies with the same GOLDMine morphological type (see Fig. 3 ). These average temperature values are: T = 17.6 ± 0.7, 15.6 ± 0.8, 21.3 ± 0.4, 21.2 ± 3.8, 21.4 ± 3.5 K for GOLDMine types -3, -1, 0, 1, 2, respectively. In these cases the error given for the dust mass in Table 4 takes also into account the variance on the average temperature in the given morphological class. Figure 4 shows the modified black-body fits obtained at the fixed temperature, and results are listed in Table 4 .
By using these average dust temperatures, which we have obtained for each morphological class, it is possible to put upper limits to the dust mass of all the 868 Virgo ETG that fall in the HeViCS fields but have not been detected at 250 µm, by taking into account the upper limit of F 250 ≤ 25.4 mJy
where α = 0.42, 0.70, 0.21, 0.38, 0.34, for GOLDMine types -3, -1, 0, 1 and 2 respectively, including the effect of the variance in the average dust temperature. Dust mass upper limits for the ETG not detected in HeViCS at 17 Mpc, the distance of the main Virgo cloud, range between 5 and 18 × 10 4 M ⊙ , depending on the morphological type, and are correspondingly larger at greater distances.
Four of the ETG detected in HeViCS are known radio sources (VCC 345, 763, 1316, and 1632) . The influence of the synchrotron radiation in the HeViCS bands is evident for these objects, particularly at longer wavelengths, and was already seen in Herschel data for VCC 763 (M 84, Boselli et al. 2010a ) and VCC 1316 (M 87, Baes et al. 2010) . For these objects the fit, in addition to a modified black-body, also includes a synchrotron component, whose slope is fixed at the radio slope (see Fig. 5 ). For VCC 345, 1316, and 1632, in the fit we fixed the dust temperature at the average temperature obtained for ETG of the same morphological class (see above), since it could not be reliably determined by the fit itself. All 4 sources show the presence of dust emission, in addition to the synchrotron component; this is also true for M 87, for which our aperture includes both the nucleus and the jet. In M 87 our detection is consistent with the upper limit of Baes et al. (2010) , who did not detect dust in the lower quality HeViCS Science Demonstration 2-scan data. We have checked that for each of the four galaxies the amplitude of the fitted synchrotron component agrees well with the radio data, within the uncertainties due to the different apertures used in the radio and in the FIR.
The presence of dust in these radio-loud objects is not completely new, since dust filaments were seen in absorption in the central arcminute of M 87 by Sparks et al. (1993) , who suggest a dust-to-gas ratio close to the Galactic value. The presence of dust in M87 was also suggested by Xilouris et al. (2004) by combining their ISO data at 4.5, 6.7, and 15 µm with IRAS data at 60 and 100 µm, using an aperture very similar to ours. Their estimate gives a smaller quantity of dust at a higher temperature. The possible presence of dust near the nucleus of M87 was inferred from spectroscopic observations with Spitzer IRS, which showed an excess emission over the synchrotron component between 30 and 34 µm, the longest observed wavelengths (Perlman et al. 2007 ). An alternative analysis of IRS spectra by Buson et al. (2009) in the region up to 24 µm found no sign of dust emission: their MIR spectrum up to 24 µm can be completely explained by a combination of a stellar contribution and a Notes.
(a) The SED fit is done at fixed temperature. 
Stellar mass
Since stars are among the major dust producers, it is important to analyse the dust content in comparison with the stellar content, and we have estimated stellar masses for all the dust-detected ETG. Stellar masses are estimated using broadband photometry in the optical range and, where available, in the near infrared (NIR), based on the synthetic libraries and the approach of Zibetti et al. (2009, hereafter ZCR09) . The mass-to-light ratio M/L as a function of different colours or pairs of colours is obtained from the 50000 models of the ZCR09 library, which are built based on the 2007 version of the Bruzual & Charlot (2003) Following ZCR09, the most reliable stellar mass estimates are obtained using a pair of one optical colour (e.g. g − i, B − I, B − V) and one optical-NIR colour (e.g. i − H, V − H) to compute M/L in a NIR band (e.g. H). We can apply this method to 30 galaxies in our sample. For 28 galaxies deep B-, V-and H-band photometry (BVH) is provided by the GOLDMine compilation, with total magnitudes determined from growth curves. Another 2 galaxies have GOLDMine H-band, but we have to rely on the SDSS photometry for the optical bands, namely g and i (giH in Table 4 ). In this case total GOLDMine magnitudes are combined with total "model" magnitudes of the SDSS, thus with larger systematic uncertainties due to a different extrapolation method. For the remaining galaxies only one colour is used to estimate M/L. Fourteen galaxies have deep B-and H-band photometry (BH) listed in GOLDMine: in this case the B − H colour is used to Table 4 for temperature value). The reduced χ 2 of each fit is listed under the object name. Upper limits to the fluxes are shown by downward arrows. estimate M/L in the H-band 2 . Another 8 galaxies do not have any photometry available from GOLDMine because of their low luminosity, so model magnitudes in g and i are extracted from the SDSS catalogs and stellar masses are computed based on the i-band luminosity (gi in Table 4 ). Although this combination of bands was shown to provide accurate results (ZCR09, Taylor et al. 2011) similar to the two-colour method, stellar masses for this subsample should be regarded as uncertain owing to the large photometric errors. All magnitudes are corrected for foreground Galactic extinction using the optical depth derived from Schlegel et al. (1998) and assuming the standard extinction laws of Cardelli et al. (1989) and O'Donnell (1994) .
The stellar masses for the dust-detected ETG are listed in Col. 7 of Table 4 , with errors accounting only for the intrinsic M/L scatter at fixed colour(s), as derived from the model library. While this is the largest contribution to the error budget for the brightest galaxies, fainter galaxies may indeed have much larger uncertainties because of photometric errors. The combination of bands used for the mass estimate is listed in Col. 8. Giovanelli et al. 2005 Giovanelli et al. , 2007 . Appendix B of the present paper contains an update of that survey to extend it to the 4-8 deg. declination strip, which has recently become available in ALFALFA (Haynes et al. 2011 ). The result is that the HeViCS fields are now almost completely covered by the ALFALFA survey. Table 4 also contains the Hi mass for VCC 450 and VCC 758, which have been detected in Hi in the deeper Arecibo survey AGES (Taylor et al. 2012) . The upper limits are described in di Serego Alighieri et al. (2007) for an assumed distance of 16.7 Mpc to the whole of the Virgo cluster, and are given in Table 4 for the distances assumed in this paper. Figure 6 shows the dust-to-atomic-gas mass ratio for Virgo ETG, showing large variations, even for objects with the same luminosity.
Other ISM components
We also give in Table 4 the information about the molecular gas (H 2 ) content which is available in the literature. This information, contrary to that for dust and Hi, is far from complete for the ETG of our input catalogue. The only ETG in our sample that has been detected both in atomic and molecular gas, i.e. the S0 galaxy VCC 1535 (NGC 4526), has a high molecularto-atomic-gas mass ratio (M H 2 /M HI = 28), consistent with the trend to higher values in this ratio for earlier spirals (Young & Scoville 1991) , but considerably higher than the values reported by Welch et al. (2010) for about a dozen elliptical and lenticular galaxies. In summary only one ETG in our sample (VCC 1535) has been detected in Hi, H 2 , and dust, while 8 ETG have been detected in both Hi and dust, and 9 ETG in H 2 and dust. For these 9 galaxies the dust-to-molecular-gas mass ratios are all between 1 × 10 −2 and 4 × 10 −2 , and the lower limits to this ratio are consistent with this range.
Discussion
Dust detection rates
Since detection rates are meaningful only on complete samples, we examine detection rates only for the 43 galaxies detected above the FIR completeness limit (F 250 ≥ 25.4 mJy), and in the optically complete input sample (m pg ≤ 18.0). For the dwarf ETG (GOLDMine types = -3, -2, -1) we detect 13 galaxies out of 354 (3.7%); for the ellipticals (GOLDMine type = 0) we detect 6 out of 35 galaxies (17.1%); and for the lenticulars (GOLDMine types = 1 and 2) we detect 24 galaxies out of 58 (41.4%). The detection rates for ellipticals and lenticulars are lower than the corresponding rates obtained for the Virgo part of HRS sample by Smith et al. (2012) which are 29% and 53%, respectively, and are also lower than those obtained by Knapp et al. (1989) with IRAS and by Temi et al. (2004) with ISO. The reason for our lower detection rates is probably because our input sample includes fainter objects, and the detection rate increases with the optical luminosity, as shown in Fig. 7 . On the observational side, the dependence of the detection rate on optical luminosity could be related to our dust detection limits, which favour more luminous galaxies. On the other hand, it might also be related to the difficulties that dwarf galaxies have in retaining their dust, particularly if the dust-to-star mass ratio reaches such high values to see the onset of massive star formation, which would lead to SN feedback and to a fast depletion of the ISM. There are two remarks about our detection rates, however. The first is due to the fact that our complete input sample, which we selected to avoid galaxies with V hel > 3000 km/s, actually includes 102 ETG for which the radial velocity is not known (these are all dwarf ETG). Potentially, some of these can have a radial velocity larger than 3000 km/s. They would then be background galaxies not belonging to the Virgo cluster and should be excluded from our input sample 3 . By assuming that the probability for a galaxy to be a background contaminant is independent of whether a measured radial velocity is available or not, the fraction of contaminants among VCC galaxies without a valid radial velocity measurement is the same as among VCC galaxies with available radial velocity, i.e. 7.8%. Hence, only 8 of the 102 ETG without a measure of V hel in the optically complete sample are expected to be background contaminants, and should therefore be excluded from the complete input sample. Assuming that these background galaxies are among those not detected in dust (in fact only two ETG of the complete detected sample for the optically complete input sample have no measured radial velocity), then the dust detection rate for dwarf ETG becomes 3.8% (13 out of 354-8=346).
The second remark is that in Sect. 3.2 we examined the probability that some of our FIR counterparts are actually associated with background galaxies, whose position coincides with that of a Virgo ETG of our input sample, and concluded that these could be 4-8 dwarf galaxies misidentifications, and 0-4 lenticular ones. In this case then, the dust detection rate for dwarf Virgo ETG would be reduced to between 2.6% and 3.2%, and the rate for lenticular galaxies to between 38% and 41%. The dust detection rates for the brighter ETG have not changed, since all of them have a measured radial velocity, and are not likely to be confused with background sources. mass, at least within each morphological type, assuming similar star-formation histories and similar efficiencies for the processes of dust destruction, depletion and loss. Figure 8 shows the comparison between dust mass and stellar mass. There is no clear dependence, particularly if one takes into account that the lower part of the figure is empty because of the dust detection limits, which vary between 5 and 18 ×10 4 M ⊙ at 17 Mpc, and are larger at greater distances (see Sect. 4.1). Young et al. (2011) also found no dependence of the molecular gas content of Virgo ETG with their mass. The dust-detected ETG span about 6 orders of magnitude in stellar mass, but only 2.5 orders of magnitude in dust mass.
Dust vs. stars
We now examine the idea that the dust produced locally in a passive galaxy can account for the observed dust content. Assuming that an ETG was already in place at z=1 and its stellar population has passively evolved since z=10 as a closed-box single-stellar-population model (Solar metallicity, Salpeter IMF for 0.1-120 M ⊙ , Pierini et al. 2004) , about 10% of its mass was returned by stellar mass loss since z=1. The dust mass associated with these stellar outflows that survives today should at most give a dust-to-star mass ratio of
7.7 × 10 9 = 6.8 × 10
where for the dust-to-neutral-gas mass ratio we have used the Galactic value, and for the dust grain survival time we have used the constraint t surv < 46 + 25 Myr, the maximum allowed by Clemens et al. (2010) for a passive galaxy. The constraint given above on the dust-to-star mass ratio is satisfied by our observations of the Virgo ETG sample only for a few very massive ETG (see Figs. 8 and 9 ). On the other hand, it is based on rough numbers and simple assumptions. Large discrepancies from analogous values obtained from the previous equation along the mass range should be understood as differences in the origin of dust (in general: ISM, outflows from SN Type II/OB associations, and dust cycle in diffuse media, or dust of external origin) or higher values of dust-to-neutral-gas mass ratio or of the dust grain survival time, for instance. Looking at the dust-to-stars mass ratio shown in Fig. 9 , there is a clear tendency of this quantity to decrease with luminosity for the dust-detected ETG, an effect which cannot be totally due to our incompletenesses. The observational limits on the dust detection can account for the lack of objects in the lower left of the figure, but not in the upper right. While ellipticals and S0 have dust-to-star mass ratios between 10 −6 and 10 −3 , this ratio can raise to about half a percent for dwarf ETG (excluding higher values obtained for objects possibly contaminated by background galaxies), as much as for the dusty late-type galaxies . Interestingly, the lenticular galaxies span a range of dust-to-star mass ratio which goes to substan- Table 3 : half of them are probably contaminating background galaxies. The continuous line shows the dust mass upper limit for the closed-box passively-evolving model (Eq. 3). The dotted lines show the range of the dust mass detection limit for a distance of 17 Mpc (Eq. 2).
tially larger values than the HRS sample Smith et al. 2012 ). This is due to the presence of fainter galaxies of this type in our sample. Figure 3 shows that the dust temperature correlates with the stellar mass of the galaxy. ETG with stellar masses up to 10 9 M ⊙ exhibit cold dust temperatures (T dust ∼ < 20K in agreement with values that are typical of the diffuse interstellar medium in star-forming galaxies. On the other hand, temperatures tend to be higher in more massive ETG. The latter galaxies might have an increased contribution to the emission at the PACS wavelengths from circumstellar dust or from stochastic heating, or a more intense interstellar radiation field, associated with postmain-sequence phases of the evolution of super-solar metallicity low-intermediate-mass stars or, alternatively, recent star formation activity (e.g. Kaviraj et al. 2007 ). The higher dust temperature in more massive galaxies could also be due to conductive heat transfer from the X-ray gas (Sparks et al. 2012 , and references therein). Figure 10 shows that the dust temperature also correlates with the B-band average surface brightness within the effective radius, as listed in GOLDMine, indicating clearly a higher dust heating in objects with a stronger radiation field.
We find that dust is much more concentrated than stars. In most of the dust-detected ETG the FIR counterpart is broadly consistent with a point source at 250 µm. The few clearly extended counterparts are for the 12 galaxies for which we had to use a photometric aperture larger than 30 arcsec, as listed in Table 1 and shown in Fig. 1 , but also in these cases the dust tends to be much more concentrated than stars.
The ATLAS 3D collaboration 4 convincingly argues that the most important distinction among (bright) ETG is between slow and fast rotators . Therefore, although most of the ETG of our input sample lack the detailed kinematic information necessary for this distinction, we have looked at the relationship between the pres- ence of dust and the stellar kinematics for those objects where this is possible. We note that among the 50 ETG that are in common between our input sample and the ATLAS 3D sample (and therefore have accurate kinematics), 13 are classified as slow rotators within one effective radius, and 37 are classified as fast rotators ). Since we detect dust above the completeness limit of 25.4 mJy at 250 µm in 9 slow rotators (69 ± 23%) and in 9 fast rotators (24 ± 8%) 5 , it appears that the slow rotators, although less abundant in a cluster, are much more likely to contain dust. This result surprisingly contrasts the tendency for molecular gas to be found preferentially in fast rotators: Young et al. (2011) in the ATLAS 3D sample find that the CO detection rate is 6 ± 4% among slow rotators and 24 ± 3% among fast ones.
This difference suggests that the relationship between molecular gas and dust on the one hand, and kinematics on the other hand might depend strongly on the environment, being different in the Virgo cluster and for field galaxies. Most of the ATLAS 3D galaxies, i.e. those for which Young et al. (2011) obtained their results on the molecular gas, are outside Virgo. In addition, if one takes only the 50 ETG that we have in common with ATLAS 3D , molecular gas is detected in 23% of the slow rotators (3 out of 13) and in 14% of the fast ones (5 out of 37), with slow rotators more efficiently detected, similar to the rates we find for the dust detections, and contrary to the molecular gas detection rates found in the whole ATLAS 3D sample, which is mostly made of field objects. However, the difference could be caused by the presence of kinematically peculiar objects among the dusty slow rotators in the Virgo cluster, such as galaxies with counter-rotating components mimicking slow rotation. Nevetheless this possibility can be excluded, since the brightest ellipticals and lenticulars in the Virgo cluster like M49, M84, M86, M87, M89, NGC 4261 and NGC 4552 are among the dusty slow rotators, and only one dusty slow rotator (NGC 4550) has counter-rotating components. This strengthens our suggestion that the ETG most likely to contain dust and molecular gas are slow rotators in the Virgo cluster and fast rotators in the field. Davis et al. (2011) find that the gas has a purely internal origin (and a smaller amount) in fast rotators residing in dense environ- ments, while it has an external origin, possibly leading to larger amounts, in about half of the fast rotators in the field. They also find that the dominant source of gas is external for slow rotators, which are mainly found in dense enviroments. We tentatively conclude that the cluster environment might favour cold ISM accretion from other galaxies particularly for slow rotators, which appear to be more concentrated in the densest parts of the cluster than fast rotators.
Dust vs. gas and spatial distributions
Although dust detection rates and atomic-gas detection rates (see di Serego Alighieri et al. 2007 , and Appendix B) are similar for the Virgo ETG, and the dust-to-gas mass ratios which we obtain are similar to those obtained by Cortese et al. (2012) , the comparison between Table 4 and Table B1 in Appendix B (see also Fig. 6 ) shows that there is a surprisingly small overlap between dust-detected and atomic-gas-detected ETG: there are only 8 ETG detected both in dust and in atomic gas, while there are 39 ETG detected in dust, but not in atomic gas, and 8 ETG detected in atomic gas, but not in dust. This comparison has a strong observational basis, given the completeness of both the atomic gas and the dust surveys for Virgo ETG. An additional important clue to this incompatibility between dust and atomic gas in Virgo ETG is given by their respective location in the cluster. Figure 11 illustrates the spatial distribution in the Virgo cluster of all the ETG examined in this work and of those for which dust and Hi have been detected (see Appendix B). These spatial distributions show several interesting features. First, the dust-detected ETG tend to concentrate at the centre of the main clouds in the Virgo cluster, i.e. the central cloud A around M87, cloud W to the south-west, and cloud M to the west, while, as noticed by di Serego Alighieri et al. (2007) , the Hi-detected ETG tend to be at the periphery of the cluster. This fact remains true even considering the Hi-blind region within one degree from M87. We suggest that this is because atomic gas is more affected than dust by the hot gas, which tends to concentrate on the densest regions of the cluster. This would have implications on the star-formation rate of cluster ETG, in particular if, as we suspect, the distribution of molecular gas is more similar to that of the dust than to that of atomic gas. The tendency of dust-detected ETG to concentrate on the cluster clouds is reinforced by the fact that 15 out of the 25 lenticular galaxies present in the south-west part of the cluster (RA < 186.5 deg. and Dec. < 8.0 deg., cloud W) are detected in dust, with a detection rate of 60%, considerably higher than the lenticular detection rate of 41% obtained on average for the Virgo cluster. The evidence that dust may not be, at least in some cases, much affected by the diffuse hot gas might lead to a revision of our estimates about dust survival in passive ETG .
Another mechanism which could produce the "incompatibility" between dust and atomic gas observed in Virgo ETG is the recombination of molecular hydrogen on the surface of cold dust grains (Hollenbach & Salpeter 1971) . If so, where dust is present, atomic hydrogen could recombine in molecules; the result is less atomic gas and more molecular gas in the dusty ETG. In fact in the only dust-detected ETG (VCC 1535), for which we have the mass of both the molecular hydrogen and the atomic hydrogen, their ratio is high (M H 2 /M HI ∼ 30), and there are several lower limits around 1 for this ratio in other ETG with dust. Nevertheless, dust favours recombination only locally, and this effect could not explain the lack of atomic hydrogen at great distances from the galaxy centre, since dust appears to be very concentrated in ETG. In the outer parts of galaxies the lack of hydrogen is probably caused by ram pressure stripping, which is quite effective on diffuse atomic gas, but not so effective on dust, particularly if it is concetrated and clumpy, owing to self shielding (see Cortese et al. (2010) for evidence that dust and gas can both be stripped in late-type Virgo galaxies).
In summary, the presence in the Virgo cluster of several ETG with dust, but with only an upper limit to the Hi mass, can be explained by the different gas and dust survival times, by the stronger effects of ram pressure stripping on neutral atomic gas than on dust, and by the recombination of H 2 on grains. We are surprised, however, by the ETG for which Hi has been detected but for which there is only an upper limit to the dust mass (see Fig. 6 ). Among these, two are bright S0 galaxies with M B ≃ −19: NGC 4262 and NGC 4270. The lack of dust in these objects could be explained by low metallicity, according to the relationship between the gas-to-dust mass ratio and the metallicity proposed by Draine et al. (2007) . However, the metallicity of these two galaxies, although slightly below solar (Kuntschner et al. 2010) , is not as low as the Draine relation would require to explain the observed upper limit on the dust-to-gas mass ratio. Both of these galaxies have been observed in CO by Combes et al. (2007) , but have not been detected. We cannot exclude that some of these galaxies detected in Hi but not in dust might actually have dust emission whose peak does not coincide with the optical centre and, therefore, would be undetected by our procedure, which relies on the precise superposition of the optical and FIR peaks. This actually happens in the case of M87 (VCC881) and has been noticed, also thanks to the overlap of the dust emission with an Hα filament. A similar procedure might also help to solve some of the other cases.
Conclusions
We have searched for dust in an optically-selected sample of 910 ETG in the Virgo cluster, 18.0, using the FIR images of HeViCS at 100, 160, 250, 350, and 500 µm, which cover a large fraction of the cluster.
From this study we obtain the following results: 1. We detect dust above the detection limit of 25.4 mJy at 250 µm in 46 ETG, 43 of which are in the optically complete part of the input sample. In addition, we detect dust at fainter levels in another 6 ETG. In all cases dust has been detected in more than one band.
2. We detect dust in the 4 ETG with synchrotron emission, including M 87.
3. Considering only the complete detections (F 250 ≥ 25.4 mJy) out of the optically complete input sample, dust detection rates are 17.1% for ellipticals, between 37.9% and 41.4% for lenticulars (S0 + S0a) and between 2.6% and 3.2% for dwarf ETG, depending on the effects of background galaxies.
4. Dust appears to be much more concentrated than stars. 5. We estimate dust masses and temperatures with modified black-body fits. Dust masses range between 7 × 10 4 and 1.1×10 7 M ⊙ , and temperatures between 14 and 31 K, with higher temperatures for more massive galaxies.
6. The dust mass does not correlate clearly with the stellar mass, and is often much greater than expected in a closed-box passively-evolving model, suggesting a possible external origin.
7. In the Virgo cluster slowly rotating ETG appear more likely to contain dust than fast rotating ETG, contrary to what is observed for the molecular gas content for field galaxies, suggesting an environmental effect on the dust and molecular gas content in slow and fast rotators.
8. Comparing the dust results with those on Hi from AL-FALFA, there are only 8 ETG detected both in dust and in Hi, while 39 have dust but no Hi, and 8 have Hi but no dust. Locations are also different, with the dusty ETG concentrated in the densest regions of the cluster, while the Hi rich ETG are at the periphery.
We conclude that, while general dust detection rates for ETG are smaller than for later galaxy types, the dust-to-stellar mass ratio for some dwarf ETG is comparable to that of the most dusty late-type galaxies. We suggest that at least in some cases the dust has an external origin in cluster ETG, and that the dust survives in ETG much longer than the neutral atomic gas. The coordinates for the VCC objects used in this work were originally extracted from NED. For most objects more than two positions are available from the literature, and the coordinate accuracy quoted in NED is ≤ 1 ′′ . However, for 476 VCC objects (both inside and outside the HeViCS fields), NED provides only the coordinates from the original work by Binggeli et al. (1985) (as of September 2012); for these objects, NED quotes a positional accuracy of 25 ′′ in both coordinates, which is inadequate for our work. Indeed, a visual check on SDSS7 images clearly showed that this inaccuracy of the position could result in an incorrect match with HeViCS sources.
Thus, we revised the coordinates by using SDSS7 r-band images, which are deeper and better suited to detect dwarf ETG. Thumbnail images of 3 ′ ×3 ′ around the original coordinates were produced; the images were smoothed, and contours overplotted as a guide to the eye; the object centre was then flound manually by selecting a position on the image. For the fainter objects, we cross-checked the identification of the source by using DSS-2 images and GOLDmine images, when available. In the selection of the object which corresponds to the VCC galaxy, we were guided by the photographic magnitude m pg and the dimensions indicated in the VCC catalogue.
We have been able to identify 454 objects, whose revised coordinates are given in Table B In Fig. A.1 we show the offsets along R.A. and Dec. between the original VCC positions and the revised positions (red symbols). The red circle, which contains the offsets for 68% of the objects, has a radius ∆r = 10 ′′ . Assuming a Gaussian distribution of the offsets, this radius corresponds to the standard deviation. It corresponds to the coordinate accuracy quoted by Binggeli et al. (1985) . While for most of the objects ∆r < ∼ 25 ′′ (the NED accuracy), for a few of the objects (20) the offset is larger than that. The largest offset is for VCC171, a relatively bright and large Im galaxy (m pg = 17.4, size ∼ 35 x 20') which, thanks to the illustrated atlas of Sandage & Binggeli (1984) (where the galaxy is called 8
• 7), is identified with an object at ∆r = 3.25
′′ from the original coordinates (beyond our original thumbnails). Besides this galaxy, all other identified galaxies have ∆r ≤ 67.5 ′′ (the value for VCC 709). Offsets from VCC coordinates, along with m pg and the GOLDMine morphological type, are given in Table B .2. Lisker et al. (2007) derived accurate coordinates for the Virgo cluster early-type dwarf galaxies with m pg ≤ 18, by minimising the object's asymmetry within a Petrosian aperture on SDSS5 images. For 53 of these objects, which are in common with those listed in Table B .2, we show the offsets between the coordinates obtained by Lisker (private communication) and those derived here (blue symbols) in Fig. A.1 . Despite our rough manual technique, 68% of our coordinates are within 1 ′′ (blue circle) of those obtained by Lisker et al. (2007) , and all of them within 4
′′ . The offsets between the improved positions and the original positions by Binggeli et al. (1985) are very similar for our full set of 454 galaxies as for the 53 objects which we have in common with Lisker. Thus, we believe that our position accuracy is within a few arcsec, also for the fainter galaxies (m pg > 18). We make this table available to the community as a valuable dataset, while waiting for the deeper imaging and more accurate positions which will be derived for the Next Generation Virgo Cluster Survey (NGVS, Ferrarese et al. 2012 ).
Appendix B: The Virgo ETG detected in Hi with ALFALFA
For a proper study of the cold ISM in ETG it is important to have information on the neutral atomic gas, in addition to the information on the dust discussed in this paper. The Hi survey ALFALFA (Giovanelli et al. 2005 (Giovanelli et al. , 2007 has given us the important opportunity to survey the Hi content of Virgo galaxies in a complete and uniform way, as HeViCS is doing for the dust content. We published the first results on the Hi content of Virgo ETG from ALFALFA in a previous paper (di Serego Alighieri et al. 2007 , hereafter dSA07) in which we surveyed the 8-16 deg. declination strip, for which the Hi data were available at that time. Recently the ALFALFA survey has been extended to the 4-8 deg. declination strip (Haynes et al. 2011 , the so-called α.40), thereby covering the HeViCS area almost completely. Therefore we update here the list of Hi -detected ETG in the Virgo cluster for the 4-16 deg. declination strip (see Table B .1). The criteria of this Hi survey are the same as in dSA07, with the exception that we have now included the S0a-S0/SA galaxies (GOLDMine Notes. GOLDMine type: -3=dS0 -2=dE/dS0 -1=dE(d:E) 0=E-E/S0 1=S0 2=S0a-S0/Sa type = 2) among the surveyed ETG, in order to be consistent with what we have done for the HeViCS input ETG sample in the present paper. Actually, two such galaxies have been detected in Hi, one of which is in the 8-16 declination strip, already surveyed by dSA07. There is another change from dSA07: we are now using the distances as reported in GOLDMine, which are different for the various cluster components (Gavazzi et al. 1999 ). This has an obvious effect, even on distance dependent parameters, such as the luminosity and the derived Hi mass. The current α.40 catalogue only contains sources detected with code 1 or 2 (see Haynes et al. 2011 ). Therefore VCC 1964, which was detected with code 4 and was reported in dSA07, is not in the current list of Hi detected ETG. The faint dE galaxy VCC 1202 deserves a special mention. We have remeasured its accurate position (see Appendix A), which is different from the position of the galaxy identified by Haynes et al. (2011) as the optical counterpart of the Hi source AGC 223724, although the latter is identified as VCC 1202 in their catalogue. The position of the optical counterpart of AGC 223724 given by Haynes et al. (2011) corresponds to a 18 mag galaxy to the south-west, which is indeed the most likely Hi counterpart. This galaxy is the faint blue galaxy No. 133 in Boerngen (1984) , but does not correspond to VCC 1202 of Binggeli et al. (1985) , which is the much fainter and smaller galaxy for which we give an accurate position in Table B .2. We have therefore excluded VCC 1202 from the list of Virgo ETG detected in Hi.
In summary, 26 Virgo ETG are detected in Hi, 22 of which are in the complete part of the optical sample (m pg ≤ 18.0), mostly based on the VCC . The sample of ETG examined in this update are all the galaxies present in GOLDMine, which have a GOLDMine type −3 ≤ T ≤ 2, which do not have a radial velocity v hel ≥ 3000km/s, and which are in the 4-16 deg. declination strip. There are 1164 such galaxies, 575 of which are in the complete optical sample. In order to examine the Hi detection rate among Virgo ETG, we limit ourselves to this complete sample and we also take into account that ALFALFA has a much lower sensitivity in the region within one degree from M87, since this is a strong radio continuum source. Therefore, if we exclude the 59 ETG of the complete sample which are included in this M87 region, we have an Hi detection rate for Virgo ETG brighter than m pg = 18.0 of 22 galaxies out of 516, i.e. 4.3%. The fact that this rate is higher than the one obtained by dSA07 (2.3%) is only marginally influenced by the fact that we have now included S0a-S0/SA galaxies, and is most likely thanks to the higher Hi detection rate in the outskirts of the Virgo cluster, as already remarked in dSA07, and has therefore been increased by the inclusion of the 4-8 deg. declination strip, which covers these outskirts. However the main conclusions of dSA07 and the conclusions drawn from the comparison with a sample of field ETG where the Hi detection rate is much higher (Grossi et al. 2009) , are still valid.
